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Abstract
The incidence of underweight amongst children under five in Wes-
tern Africa has been increasing over the last decade (UNICEF, 2002).
In Asia, where about two thirds of the world’s underweight children
live, the rate of underweight declined from about 36 per cent to some
29 per cent between 1990 and 2000. In sub-Saharan Africa, the abso-
lute number of underweight children has increased and is now about
36 per cent. Using new data from Demographic and Health Surveys, I
estimate the probability of underweight for a sample of West African
children, controlling for selective survival.
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1 Introduction
The incidence of underweight amongst children under five in Western Africa
has been increasing over the last decade (UNICEF, 2002). In Asia, where
about two thirds of the world’s underweight children live, the rate of under-
weight declined from about 36 per cent to some 29 per cent between 1990 and
2000. In sub-Saharan Africa, the absolute number of underweight children
has increased and is now about 36 per cent. Underweight is of great concern
as it increases the risk of illness and the risk of mortality (Pelletier et al.,
1993). Children, i.e. a country’s future labour force, who are underweight
have impaired immune systems and poor physical and mental development.
The established framework to examine underweight is UNICEF’s conceptual
framework which distinguishes between three different levels of determinants
(Engle et al., 1997; UNICEF, 1990). The immediate determinants of a child’s
growth and development, food intake and health, are influenced by factors
which operate at the household, regional, or national level. All these studies
stress the complex issues surrounding the modelling of malnutrition (Wolpin,
1997).
Macro-economic studies, for example Smith and Haddad (2000), analyse
the prevalence of underweight children on national levels. Typical explana-
tory variables are literacy rates, female enrolment rates, per-capita incomes,
health provisions, and similar indicators of relative wealth and the provision
of health care.
Micro-econometric analyses of underweight use cross-sectional data from the
World Fertility Surveys and the Demographic and Health Surveys (DHS),
for example Pitt (1997). These data are comparable across countries and are
suited to the analysis of underweight on a household level.
In this analysis I investigate the relative importance of determinants of chil-
dren’s underweight. Using new micro-level data from the Development and
Health Surveys, matched with country-specific information from macroeco-
nomic time-series, I estimate the probability of underweight for three West
African countries, Burkina Faso, Ghana, and Togo.
The econometric model acknowledges the fact that sick children may not sur-
vive until the date of interview, the sample of children drawn at an interview
may understate the actual prevalence of underweight in a population. The
estimations confirm the presence of selective survival, but controlling for se-
lective survival does not seriously change the estimated associations between
the explanatory variables and the measure of underweight.
The most important determinants of a child’s underweight are related to the
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country’s wealth. Greater GDP per capita is associated with a reduced risk
of underweight. Similarly, the female literacy rate shows a strong negative
association with the risk of underweight.
On the household level, the richer the household the lower the risk of being
underweight. However, despite this unsurprising result, a mother’s fertility
preferences appear to be important for the care a child receives: children
whose mothers state that they did not want to have the child are more likely
to be underweight.
Finally, twins and children whose weight was below average at birth are also
at higher risk of underweight.
2 Analytical Issues
The analysis of underweight can be formulated in a variant of Becker’s (1965)
model of the household. The household is assumed to maximise utility from
home production, P , labour market participation (which equals consumption
of market goods), C, and leisure, L. A representation of a utility function is
then as follows:
U = U(C,P, L).
The health status Hi of child i is assumed to be the outcome of the mother’s
decision about inputs such as whether to breastfeed, duration of brestfeeding,
supplemental food, etc. Further determinants are exogeneous health factors,
Xi, such as age, sex, the parents’ education and health, and unobserved
personal characteristics, ui:
Hi = Hi(Yi, Xi, ui).
Estimation of whether the child is underweight or not are likely to suffer
from classic sample selection biases. First, only children who survived till
the day of interview are measured. The sample is likely to be biased towards
healthier children as feeble children are more likely to have died. Second, if a
mother cares about the health of her child, then any variable that influences
the health of that child will also influence her fertility decisions, i.e. whether
the child will be conceived or not.
The minority of empirical studies—even though they may recognise the
need—deal with the problem of endogeneity. Endogeneity is a problem as
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factors that influence a child’s health may be important at at least three
different times in its mother’s life (Pitt, 1997): (a) the decision to have a
child; (b) conditional on having a child, on child survival; and (c) conditional
on birth and survival, health as measured at the time of the survey.
Studies that control for endogeneity, for example Glick and Sahn (1998)
or Pitt (1997), confirm the presence of selectivity, but the results are little
changed when selection is accounted for. The most difficult practical problem
with regard to these issues is parameter identification.1 Since the fertility,
and conditional on fertility survival and underweight may be considered en-
dogenous choices, there is no usual exclusion restriction available.
In this analysis I do not control for endogenous fertility, but condition the
probability of underweight on the probability of survival till the interview
date. The model is a Heckman-type probit model. I use whether or not the
mother used professional ante-natal care and whether or not the baby was
delivered in a hospital as exclusion restrictions in the model. This choice of
variable implies that professional ante-natal care influences the chances of
survival, but not the weight of the child at the time of interview. Estimates
of the chances of survival and the chances of being underweight (not repor-
ted here) indicate that the variables have a strong positive association with
survival, but not with the probability of being underweight, conditional on
the set of explanatory variables.
3 Data
Data are from Demographic and Health Surveys (DHS) for three West Afri-
can countries. These surveys provide detailed information for a represen-
tative sample of women of reproductive age. Included in the survey are
anthropometric measures of the women and their children that were born in
the previous three (five) years.
• Burkina Faso: 1998–9, 6,445 women 15–49, anthropometry of children
aged 0–59 months
1Pitt and Rosenzweig (n.d.) rely on the functional form of their model to identify the
selectivity. Pitt (1995) uses the assumption that first-births are exogenous to model child
mortality conditional on fertility selection.
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• Ghana: 1998–9, 4,843 women 15–49, anthropometry of children aged
0–59 months
• Togo: 1998, 8,964 women 15–49 years, anthropometry of children 0–35
months
From these observations, I select all children who were born in the 36 months
before the interview, including information on children who have died before
the interview.
The DHS questionnaire covers a wide range of the household’s socio-economic
status, health, and reproductive behaviour. For each child I have also atta-
ched data from the World Development Indicators (2001) on background
variables in the year of birth (GDP per capita, consumer price index, female
literacy rate, development aid, and the population growth rate).
The variable of interest is a measure of health outcome, “underweight”. This
measure is derived from a child’s weight, in relation to its age. A child is
underweight if its weight-for-age is more than two standard deviations below
the median of reference population.2 Underweight is a measure of acute
undernutrition.3
Underweight can manifest itself quickly in a child and reflects current living
conditions, for example, whether the child is sick or not. In the first two years
of a child, growth is strongest and a lack of food will influence their height
as adults, although there is some evidence that the supplement of nutrients
may induce a catching-up process.
Table 1 lists the proportion of underweight children in the three countries,
for different age groups. It can be seen that the proportion of underweight
children is with 37% highest in Burkina Faso. The overall proportion of
underweight children is about 25% in Ghana and Togo. The proportion of
children who are underweight is smallest when they are below 6 months of
age. After that age, usually the time when mothers stop exclusively breast-
feeding their children, the incidence of underweight increases sharply. As
can be seen from Figure 1, the distributions of underweight by the child’s
age are fairly similar in the three countries. The number of children who
are underweight increases after the sixth month until it peaks at about 12
months, and declines thereafter, with another peak at 24 months.
As stated above, it is likely that feeble children will not survive until the date
of interview. Table 2 lists the proportion of dead children, by the age at the
2See Klasen (2000) for a critical assessment of the reference population.
3Chronic undernutrition is measured by height-for-age: regressions still to run.
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time of interview. Of children up to 6 months of age, about 4% have died
by the date of interview. Older children, and especially children in Burkina
Faso, have higher rates of mortality. Those who were born 12 to 24 months
before the interview, i.e. those who have the highest rates of underweight,
have also high rates of mortality.
As noted above, preliminary estimations (not reported here, but available on
request) have shown that whether or not the child was delivered in a hospital
shows a strong positive association with survival, but not with the probability
of being underweight. This is consistent with the fact that underweight
is a short-term measure of undernutrition and that the children were born
relatively long ago. The mean (median) age at the time of interview was 17
(16) months.
Table 3 lists health indicators for the three countries, for the years 1995, 1997,
and 1999. There is little change over this period, fertility rates, mortality
rates and life expectancy at birth are stable. Burkina Faso has the worst
performance of the three countries: infant and under-5 mortality rates are
about double the rate of Ghana. The indicators for underweight are only
available for some years, they indicate that in 1999 about a quarter of children
under five was underweight in Ghana and Togo. The only statistic available
for Burkina Faso is for 1993 and indicates that about a third of children
under five were underweight.
Immediate causes
The first group of explanatory variables are indicators which describe the
child’s health at the time of the interview. I include indicator variables for
whether or not the child had fever, diarrhea, or a cough in the two weeks
before the interview. To proxy for sanitary conditions, I include variables
that indicate whether or not the household has a safe source of drinking
water (either piped water or from a covered well), and if the household has
a covered toilet facility.
The weight is influenced by the intake of food, unfortunately there are no
detailed data. To proxy the calory intake I use an indicator variable that
states whether or not the child is currently breastfed, and whether or not
the child had solid food in the 24 hours before the interview. Additionally,
I include a variable that states the duration of breastfeeding as a fraction of
current age. Age enters the set of explanatory variables in a cubic polynomial.
Since the weight or height at birth is only recorded for a minority of chil-
dren, mother’s subjective impression of size at birth is used as a indicator
for weight differences. To proxy for differences at birth I make use of the
mother’s subjective interpretation of the child’s size at birth. I include indi-
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cator variables for whether or not the mother, at the time of the interview,
thinks that the child was a small (big) child at birth. Also included is an
indicator for the child’s sex.
The amount of available food for a given child will also be determined by the
degree of competition for food in the household. To distinguish first-born
children, who presumably receive more attention than children who are born
later, from their brothers and sisters, their ranking in the birth order is used
as an explanatory variable. Since it is possible that mothers learn to care
better for their children through practice the birth order is also included as
a quadratic term.
Underlying Causes
Underlying causes are related to the security of food and the access to health
care. Since mothers are the primary source of care, variables that proxy the
mother’s potential with respect to the provision of food and care are used.
These proxy variables are the mother’s age, her education, her ethnicity and
her religion.
Whether or not a mother provides care to her child may be determined by
her attitude towards pregnancy and by her fertility experience. I therefore
include whether or not she wanted the child, whether or not she would like
to have another child, if she thinks that pregnancy causes unhappiness, and
the number of boys and girls who have died. A correlation between a child’s
underweight and that its mother’s statement that she did not want the child
does not necessarily imply that the mother does not care for her child, but it
could also mean that she anticipated difficulties, e.g. the provision of food,
and given the circumstances would have preferred not to have the child.
A mother’s fertility choices will not be independent of her partner’s prefe-
rences. Her partner’s preferences are included indirectly. They enter the esti-
mation equation through whether or not the mother thinks that her partner
approves of fertility planning methods, and whether or not she thinks that
her partner would like to have more children. Also included is the age of her
first delivery, whether she is married or not, if she is (was) married, the age
of first marriage, and if she had been in a partnership before.
The access to care and food will be determined by the household’s income and
wealth. In most households the mother’s partner will be the main earner of
income. Since income is not available in the data, I include the partner’s work
status, his education and occupational sector, and whether or not he works
on his own land as explanatory variables. Wealth is proxied, in addition to
the variables that describe the sanitary conditions, by whether or not the
household has electricity, a radio, a fridge, or a bike.
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The provision of food will in turn depend on the composition of the house-
hold. When the mother is in a partnership, I include a variable that indicates
whether or not the partner lives at home. Care for the child is often under-
taken in the extended family, variables that indicate the presence of another
wife, whether or not the head of household is female, and the size of the
household are included.
Basic Causes
Reliable data for these countries are difficult to find. Although the World
Development Indicators list consistent 559 time series, only a few are available
for the time period and all three countries. These data are annual figures
for the calender year, there are no regional or quarterly disaggregate data
available. For each child, I have attached the Consumer Price Index, the
GDP/capita, the female literacy rate, the net development aid (in % of the
country’s GDP), and the population growth rate of the year it was born.4
4 Results
Table 4 tabulates the estimated marginal effects, evaluated at the means of
the explanatory variables, for the selectivity corrected probit models. The
first model uses only the variables included in the set of immediate causes,
the second model only the underlying, and the third model the basic causes.
The last column presents the estimation of a model where all three causes
are combined in one estimation. The coefficients of the selection equation
are given in the Appendix, Table 5, and are not discussed here.
I have also estimated models without correcting for selective survival (results
not shown here). Neither for the single cause models nor for the model
that uses the combined set of variables, the selection—although statistically
significant—seems to matter. The marginal effects are by and large of the
same magnitude and allow the same interpretation of associations between
underweight and the causes.
Model 1, which uses only the variables classed as immediate causes, indicates
that age is an important determinant of whether or not a child is under-
weight. Age enters the equation as a cubic polynomial and the probability
4Alternatively, I have used indicator variables for the country and year of birth. The
substantive results do not change: Burkina Faso has the worst performance, and the
probability of underweight is lower for later cohorts in all three countries.
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of underweight increases with age, but at a decreasing rate. Children who
are breastfed at the time of interview, and who have been breastfed for a
longer fraction of their life, have a higher probability of being underweight,
controlling for age and the consumption of solid foods in the last 24 hours.
In other words, mothers who do not feed their children additional food have
children who are more likely to be underweight.
Sanitary conditions are important, too. The access to clean water and the
presence of a covered toiled are associated with a lower chance of being
underweight. Children who were sick in the two weeks before the interview
are also more likely to be underweight.
Babies who were larger at birth have a reduced risk of being underweight,
and smaller babies are more likely to be smaller at a later point in time.
The number of birth does not appear to be of importance in relation to
the probability of underweight, nor do girls have a different chance of being
underweight. Being a twin increases your chance of being underweight—the
competition for resources takes its toll by increasing the chances of being
underweight from a predicted probability of underweight of 21 per cent to
about 33 per cent.
The differences between the countries are negligible, despite the huge diffe-
rences in the underlying health statistics as shown in Table 3.
The second model, which uses only indicators of underlying causes, (column
2), confirms that the number of brothers and sisters is related to the proba-
bility of underweight, although the association is small.
The negative association between a mother’s education and the chances of
her child being underweight is surprising, the omitted variable is Secondary
or Higher Education (about 60 per cent of children have mothers in that
category). If women with more education have fewer children than this asso-
ciation could reflect differential fertility. This issue will be analyses in future
work.
A mother’s fertility preferences show relationship with the probability of
her child being underweight. Children whose mothers say that they wanted
the child later than at the time of birth, or not at all, are more likely to
be underweight than children whose mother indicate that they wanted the
child. This association does not necessarily mean that a mother who did not
want her child does not care for it, it could also reflect economic difficulties
which were anticipated or present at time of the (unwanted) pregnancy.
Using only basic causes to determine the probability of underweight, column
3, we see that GDP per capita and women’s literacy rates have the single most
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important associations with the probability of a child being underweight. The
amount of development aid also seems to reduce the chances of underweight.
A fast growing population seems to produce children who are underweight—
a notion that was already raised by Malthus who stressed that the fixity of
land (the diminishing returns of the agricultural sector) implies a falling per
capita consumption and a subsequent increased mortality.
When all three sets of explanatory variables are combined into one set of
explanatory variables, column 4, most statistically significant associations
shown in the single cause estimations remain significant.
5 Conclusion
The motivation for this analysis was the fact that the proportion of un-
derweight children in sub-Saharan Africa has been increasing over the last
decade, in contrast to other regions of the world. I have used new cross-
sectional data from three West African countries, Burkina Faso, Ghana, and
Togo, to estimate the probability of being underweight for a sample of chil-
dren who were born in the 36 months before the interview. Since sick or feeble
children will be more likely to die before the interview, I have controlled for
selective survival.
The most important associations between explanatory variables and the pro-
bability of underweight that appear in the analysis are related to the house-
hold’s demographic situation and the country’s state of development.
Children who were born in the country with the greatest GDP per capita have
the least risk of being underweight. Further, the higher the female literacy
rate the lower is the risk of underweight. These two factors appear to be of
more importance than the child’s health, despite the fact that underweight
is a short-term measure of malnutrition. The female literacy rate is probably
effective through a mothers educational and fertility choices.
That fertility choices matter are borne out by the data: children of mothers
who state that they did not want to have the child are more likely to be
underweight. It cannot be concluded that these mothers simply do not care
for their children: it may well be that they anticipated the problems in
supplying their children with sufficient food.
Children who live in households where there is a secure source of water and
where the toilet is covered have a reduced risk, probably via the reduced
probability of infections, to be underweight.
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Here, like in most other micro-econometric studies, there is an obvious need
for better quality data. It is clear that a woman’s choices are interrelated:
her investment in human capital will determine her opportunity costs when
deciding fertility. The interaction between fertility and a child’s health, which
I have not looked at in this analysis, is left for future research.
6 Tables and Figures
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Figure 1: Distribution of underweight
10
Table 1: Proportion of underweight children, by age group and
country (in %).
Age (in months)
0–5 6–11 12–23 24–35 Total (N)
Burkina Faso 4.10 34.75 52.20 45.69 36.69 (2,454)
Ghana 0.53 18.66 38.43 26.22 25.17 (1,653)
Togo 3.27 20.66 37.15 29.94 25.32 (3,443)
Note: Underweight:= if the Z-score of weight ((weight - reference median)/
reference standard deviation) < -2. Children born in the 35 months before
the interview date. Date are weighted to be representative of a country’s
population.
Table 2: Proportion of dead children, by age group at interview
and country (in %).
Age at interview (in months) Age at death
0–5 6–11 12–23 24–35 Total (N) Mean (Median)
Burkina Faso 4.57 9.17 12.45 14.65 11.14 (3,474) 5.9 (3)
Ghana 3.46 4.96 7.43 7.73 6.47 (1,968) 5.7 (3)
Togo 4.10 6.04 8.92 7.80 7.17 (4,168) 4.2 (1)
Note: Children born in the 36 months before the interview date. Age at the
time of interview in months includes imputed data. Data are weighted to be
representative of a country’s population.
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Table 3: Health indicators, by country and year.
Year Burkina Faso Ghana Togo
1995 Fertility rate, total (births per woman) 6.8 4.6 5.4
Mortality rate, infant (per 1,000 live births) 107.8 57.0 79.7
Mortality rate, under-5 (per 1,000 live births) n/a 108.0 146.3
Life expectancy at birth, female (years) 46.6 61.0 50.6
Life expectancy at birth, male (years) 44.1 57.5 47.9
Underweight (% of children under 5) 32.7a 27.3b 19.0c
1997 Fertility rate, total (births per woman) 6.8 4.5 5.2
Mortality rate, infant (per 1,000 live births) 105.0 55.0 79.0
Mortality rate, under-5 (per 1,000 live births) 219.0 104.0 146.0
Life expectancy at birth, female (years) 46.9 61.8 50.1
Life expectancy at birth, male (years) 44.1 58.3 47.6
Underweight (% of children under 5) n/a n/a n/a
1999 Fertility rate, total (births per woman) 6.6 4.3 5.1
Mortality rate, infant (per 1,000 live births) 104.6 57.1 76.5
Mortality rate, under-5 (per 1,000 live births) 210.0 109.0 143.0
Life expectancy at birth, female (years) 45.7 59.3 50.3
Life expectancy at birth, male (years) 44.1 56.6 48.0
Underweight (% of children under 5) n/a 24.9 25.1d
Note: Data from the World Development Indicators (2001). n/a indicates
that the variable is not available for this country in that year. a Data for
1993. b Data for 1994. c Data for 1996. d Data for 1998.
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